A previously unidentified plant rhabdovirus associated with a blotchy mosaic symptom of soybean (Glycine max), prevalent in the lower lying, warmer soybean production areas of South Africa, was isolated and partially characterized. The virus was shown to be transmitted by mechanical inoculation and at least one species of leafhopper (Peragallia caboverdensis Lindberg (Cicadellidae, Agalliinae)). To determine the morphology and virion size, as well as intercellular accumulation, negative-stained preparations or embedded ultra-thin sections of infected plant samples were observed under a transmission electron microscope. The distribution of the virions within the cytoplasm, its bullet-shaped morphology and size (338-371nm x 93nm) suggested that it is a putative member of the genus Cytorhabdovirus.
Isolation of the rhabdovirus was by serial limiting dilution mechanical inoculation transfers. Virus was propagated on soybeans using leafhopper transmission or between N. benthamiana plants by mechanical transmission.
Virus purification and antiserum production.
Rhabdovirus infection, and a lack of other viruses, was confirmed by electron microscopy in individual field-collected soybean cv. Prima plants displaying blotchy mosaic symptoms before they were pooled and purified by the method of Adam et al., (1) . Antiserum to the partially purified virus preparation was prepared by immunizing a New Zealand white rabbit with four, weekly intramuscular injections.
Immunoglobulins (Ig's) were purified from antiserum with the use of carboxy methyl (CM) Affigel blue columns, according to the manufacturer's instructions (BioRad, USA). The F(ab') 2 fragment of purified Ig's were prepared by pepsin digestion (4) .
The optimal concentrations of seroreagents of F(ab')2 ELISA (2) were determined using a checkerboard titration design (31). The optimal sero-reagent combination was chosen as that which gave the highest differentiation between healthy and infected plant material extracts.
Transmission electron microscopy
To determine the morphology and virion size, leaf dips of infected plants, were negatively stained and examined as described above. Tobacco mosaic virus (TMV) was used as an external standard to calibrate magnifications. Individual particle dimensions (n = 55) were then measured on electron micrographs, relative to TMV.
To observe the intercellular particle distribution, embedded ultra-thin sections (30) of infected plant material were observed under a Philips EM301 TEM.
Immuno-electron microscopy was conducted as described by Roberts (28) with virus trapped on colloidion coated grids with a 1:100 dilution of the antiserum produced above.
RNA extraction and degenerate primer design
Viral RNA was extracted from infected plant material using the SV Total RNA Isolation System (Promega, Wisconsin) according to the method described by the manufacturers. Primer design was described previously (17) . In short, ClustalW in BioEdit version 7.0.0 (8) 
RT-PCR
For RT-PCR, conserved areas of known plant rhabdovirus L genes were targeted and degenerate primers RhabF (5'-GGATMTGGGGBCATCC-3') and RhabR (5'-GTCCABCCYTTTTGYC-3') were used from previous studies (17 
Results

Virus sources and distribution of disease
A total of 1303 samples displaying the blotchy mosaic-like symptoms were collected.
The vast majority of these were collected in either the Brits/Thabzimbi area (North During virus purification a considerable loss of particles occurred at each step as determined by EM therefore only two rounds of differential centrifugation with a 20%
(w/v) sucrose pad were conducted but the resultant partially purified virus was not placed on a final sucrose gradient. Six bleeds were obtained from a rabbit immunized with four injections of a partially purified virus preparation, but the antiserum was found not to be suitable for use in ELISA due to a high non-specific response to healthy plant components even following cross absorption of antiserum with healthy plant material (results not shown). The antiserum could however be used in IEM with virus particle enrichment being increased five-fold relative to pre-immune serum (Figure 2 c) .
Virus morphology
Symptomatic soybean cv. Forrest plants were used to determine virus particle morphology and the intercellular distribution of the particles using transmission electron microscopy on ultra-thin sections of embedded material or negatively stained leaf dips. Bullet-shaped virions were found in very low numbers in the cytoplasmic areas ( Figure 3 ). The average (n=55) length of the virions as determined by negative staining of leaf preparations was 360nm, with a minimum length of 180nm and a maximum of 420nm, with most particles found in a range of 338-371nm without a clear modal length. The width varied between 79nm and 93nm ( Figure 2 ). This size distribution falls within size range of the Rhabdoviridae (14) .
Amplification and sequencing
The amplicon obtained with the primer set was a ~900 bp segment from SCV, LNYV and SbBMV (Figure 4 ). The PCR product was purified from the gel and directly sequenced in both directions utilizing RhabF and RhabR. RhabF proved to be a poor primer for sequencing and only the sequence generated by RhabR could be used and a 522 bp nucleotide sequence was obtained. BLAST analysis confirmed that the PCR amplicon was of viral RNA (polymerase gene) origin and that it was most closely related to known Cytorhabdovirus polymerase genes. The sequence was submitted to GenBank with the accession number EU877231.
Sequencing analysis
Pairwise distances of SbBMV to other polymerase genes of different plant rhabdoviruses were calculated using a cognate region of 410 bp with MEGA 3.1 (16) .
The SbBMV had the highest similarity to NCMV with 60.7 % and then LNYV and SCV (59.3% and 58.5% respectively) followed by the other plant rhabdoviruses ( Table 2) .
A neighbour-joining phylogenetic tree ( Figure 5 ) was constructed with the same cognate region using Mega 3.1 (16) . The tree separated the selected plant rhabdoviruses into two distinct clades, correlating with the Cyto-and Nucleorhabdovirus genera. Within this analysis, the SbBMV was found to be most closely related to the cytorhabdoviruses, especially NCMV.
Discussion
We have identified a new cytorhabdovirus associated at levels of 37 or 65% (depending on whether negative staining of leaf dips or IEM was used) with a blotchy Identification and rapid detection of SbBMV has long been hampered by difficulties in establishing the virus in the greenhouse due to difficulties in transmitting the virus.
However, during the current study, the development of an IEM technique with a relatively crude antiserum to virus partially purified from field-collected plant material, followed by the development of a generic rhabdovirus polymerase RT-PCR, was found to be a valuable tool for the maintenance and identification of this virus.
An alternate propagation host to soybean viz. Nicotiana benthamiana was identified using IEM, but was difficult to work with as it was asymptomatic and individual inoculated plants required IEM tests to be conducted to ascertain their status. The virus was found to be mechanically transmissible between soybean plants, between soybean and Nicotiana benthamiana and amongst N. benthamiana plants at low transmission rates.
Because of the large numbers of leafhoppers observed in a local soybean field, and the fact that a number of other rhabdoviruses are known to be transmitted by these insects, we determined whether these insects could serve as vectors for SbBMV. One Sequence information for SbBMV generated during this study indicated that it is related to cytorhabdoviruses, particularly to NCMV. Based on the morphological and nucleotide sequence data, we concluded that the virus belongs to the genus Cytorhabdovirus, family Rhabdoviridae, and in view of its low sequence similarity with known rhabdoviruses, we propose that it be considered a new species, and be named soybean blotchy mosaic virus (SbBMV).
Amongst the known plant rhabdoviruses, only SCV (12, 24) , CRV (17) and now
SbBMV have been reported from South Africa. In view of the extensive indigenous flora in South Africa it is likely that many more plant rhabdoviruses may occur here.
The universal rhabdovirus protocol used in this study could also be used as a tool to detect known, as well as new, plant rhabdoviruses in field studies, broadening our understanding about the epidemiology of these viruses. Tables: Table 1 : Available sequences of plant rhabdoviruses on Genbank. The abbreviation, accession number as well as the reference of each of these viruses are also listed. Legends for Figures: Figure 1 . Typical blotchy mosaic symptoms with which SbBMV is associated. Table 1 ). The tree was constructed using MEGA 3.1 using the neighbour-joining method (16) . The abbreviations, accession number as well as the references are listed in Table 1 . 
